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1
CAPACITY CONTROL VALVE

TECHNICAL FIELD

The present invention relates to a capacity control valve
for vaniably controlling a capacity of a working fluid and
relates to, for example, a capacity control valve for control-
ling a discharge amount of a variable displacement com-
pressor used 1n an air conditioning system of an automobile
In response to a pressure.

BACKGROUND ART

A varniable displacement compressor used 1n an air con-
ditioning system of an automobile or the like includes a
rotating shait rotationally driven by an engine, a swash plate
connected to the rotating shaft so that an inclination angle 1s
variable, a compression piston connected to the swash plate,
and the like and changes the inclination angle of the swash
plate so that a stroke amount of the piston i1s changed to
control a discharge amount of a fluid. The inclination angle
of the swash plate can be changed continuously by appro-
priately controlling a pressure inside a control chamber, by
using a capacity control valve driven to be opened and
closed by an electromagnetic force, while using a suction
pressure Ps of a suction chamber sucking a fluid, a discharge
pressure Pd of a discharge chamber discharging a fluid
pressurized by the piston, and a control pressure Pc of the
control chamber accommodating the swash plate.

When the variable displacement compressor 1s driven
continuously (hereinafter, simply referred to as a “continu-
ous driving state”), the capacity control valve 1s energized
and controlled by a control computer and performs normal
control in which a valve body 1s moved 1n the axial direction
by an electromagnetic force generated 1n a solenoid and a
primary valve 1s opened and closed so as to adjust a control
pressure Pc of the control chamber of the variable displace-
ment compressor.

During normal control of the capacity control valve, the
pressure of the control chamber of the variable displacement
compressor 1s appropriately controlled and the inclination
angle of the swash plate with respect to the rotating shatt 1s
continuously changed to change the stroke amount of the
piston so that the discharge amount of the fluid with respect
to the discharge chamber 1s controlled and the air condi-
tioming system 1s adjusted to have desired cooling capacity.
Further, when the wvariable displacement compressor 1is
driven with a maximum capacity, the primary valve of the
capacity control valve 1s closed so as to decrease the

pressure of the control chamber. Accordingly, the inclination
angle of the swash plate becomes maximal.

Further, there 1s known a method of improving respon-
siveness of the variable displacement compressor by form-
ing an auxiliary communication path which communicates a
control port and a suction port of the capacity control valve
with each other, discharging a refrigerant of the control
chamber of the vanable displacement compressor to the
suction chamber of the variable displacement compressor
through the control port, the auxiliary communication path,
and the suction port at startup, and promptly decreasing the
pressure ol the control chamber at startup (see Patent
Citation 1).
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2
CITATION LIST

Patent Literature

Patent Citation 1: JP 5167121 B2 (Page /7, FIG. 2)

SUMMARY OF INVENTION

Technical Problem

However, 1n Patent Citation 1, a fluid discharge function
1s excellent at startup, but the auxiliary communication path
1s 1n a communication state so that a refrigerant flows from
the control port into the suction port when the variable
displacement compressor 1s continuously driven. As a resullt,
there 1s concern that the controllability of the pressure of the
control chamber 1s poor and the operation efliciency of the

variable displacement compressor 1s deteriorated.
The present mvention has been made 1 view of such

problems and an object of the present invention 1s to provide
a capacity control valve having good operation efliciency
while having a fluid discharge function at startup.

Solution to Problem

In order to solve the foregoing problems, a capacity
control valve according to the present invention 1s a capacity
control valve including a valve housing provided with a
discharge port allowing a discharge fluid of a discharge
pressure to pass therethrough, a suction port allowing a
suction fluid of a suction pressure to pass therethrough, and
a control port allowing a control fluid of a control pressure
to pass therethrough, a rod driven by a solenoid, and a
primary valve including a primary valve seat and a primary
valve body and opeming and closing a commumnication
between the discharge port and the control port by the
movement of the rod. The capacity control valve further
includes a CS valve which opens and closes a communica-
tion between the control port and the suction port by the
movement of the rod and an urging member configured to
urge the primary valve body and the rod i opposite direc-
tions, and the primary valve body and the rod are disposed
sO as to be relatively movable 1n an axial direction. Accord-
ing to the aforesaid characteristic, since the primary valve
body 1s disposed so as to be movable with respect to the rod,
the primary valve can be controlled while the CS valve 1s
closed. Further, the control pressure and the suction pressure
can be maintained at the equal pressure (i.e., the same
pressure) 1n such a manner that the rod opens the CS valve
so as to communicate the control port with the suction port
when the primary valve 1s closed 1n a startup state and a
maximum energized state. On the other hand, the control
fluid can be prevented from flowing into an introduction area
of the suction fluid 1n such a manner that the CS valve 1s
closed so as to interrupt a communication between the
control port and the suction port when the primary valve 1s
controlled 1n an energized state. In this way, it 1s possible to
improve the discharge and operation efliciency of the liquid
refrigerant when starting the variable displacement com-
Pressor.

It may be preferable that the primary valve body 1s
provided with a locking portion configured to lock a relative
movement of the rod with respect to the primary valve body
in the axial direction. According to this configuration, the
valve body can be accurately positioned in the axial direc-
tion with respect to the rod by the locking portion.
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It may be preferable that the CS valve 1s a spool valve
structure. According to this configuration, since the spool
valve structure 1s provided, the CS valve 1s 1n a closed state
when the rod 1s stroked by a predetermined amount or more
in the axial direction and hence the CS valve can be reliably
closed.

It may be preferable that each of the primary valve body
and the rod may be provided with a contact portion which
contacts 1n the axial direction. According to this configura-
tion, the maximum opening degree of the CS valve can be
adjusted.

It may be preferable that an inner periphery of the primary
valve body may slide on the rod and an outer periphery
thereol may slide on the valve housing. According to this
configuration, the relative movement between the primary
valve body and the rod 1n the axial direction can be stabi-
lized.

It may be preferable that the rod may be provided with a
spring recerving portion with which one end of the urging
member 1s brought into contact. According to this configu-
ration, a slide structure of the primary valve body with
respect to the rod can be simple.

It may be preferable that the capacity control valve may
turther include a pressure drive valve which 1s opened and
closed by the suction pressure and the rod may be provided
with a hollow communication path capable of causing the
control port to communicate with the suction port by open-
ing and closing the pressure drive valve. According to this
configuration, since a refrigerant can be discharged also by
the pressure drive valve at the startup, the refrigerant can be
promptly discharged.

It may be preferable that the control port may include a
first control port and a second control port and that the
suction port, the second control port, the discharge port, and
the first control port may be sequentially disposed from a
side of the solenoid. According to this configuration, since
the suction port and the second control port are adjacent to
cach other, the capacity control valve with the CS valve has
a simple structure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic configuration diagram 1llustrating a
swash plate type variable displacement compressor ncor-
porated with a capacity control valve of an embodiment
according to the present ivention.

FIG. 2 1s a cross-sectional view illustrating a case in
which a primary valve 1s opened and a CS valve 1s closed in
a non-energized state ol the capacity control valve of the
embodiment.

FIG. 3 1s an enlarged cross-sectional view of FIG. 2
illustrating a case 1n which a primary valve 1s opened and a
CS valve 1s closed 1n a non-energized state of the capacity
control valve of the embodiment.

FIG. 4 1s a cross-sectional view illustrating a case in
which a primary valve 1s closed and a CS valve 1s closed 1n
an energized state of the capacity control valve of the
embodiment (1.e., during normal control).

FIG. 5 1s an enlarged cross-sectional view of FIG. 4
illustrating a case 1 which a primary valve 1s closed and a
CS valve 1s closed 1n an energized state of the capacity
control valve of the embodiment (1.e., during normal con-
trol).

FIG. 6 1s a cross-sectional view illustrating a case in
which a primary valve 1s closed and a CS valve 1s opened in
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4

the control 1n an energized state (e.g., startup state) and a
maximum energized state of the capacity control valve of the
embodiment.

FIG. 7 1s an enlarged cross-sectional view of FIG. 6
illustrating a case 1n which a primary valve 1s closed and a
CS valve 1s opened 1n the control in an energized state (e.g.,

startup state) and a maximum energized state of the capacity
control valve of the embodiment.

FIG. 8 1s an enlarged cross-sectional view illustrating a
case 1n which a primary valve 1s opened and a CS valve 1s
closed 1n a non-energized state of a capacity control valve of
a modified example of the embodiment.

DESCRIPTION OF EMBODIMENTS

Modes for implementing a capacity control valve accord-
ing to the present invention will be described on the basis of
embodiments.

Embodiments

A capacity control valve according to an embodiment will
be described with reference to FIGS. 1 to 7. Hereinafter, the
left and right sides as viewed from the front side in FIG. 2
will be described as the left and right sides of the capacity
control valve.

A capacity control valve V of the present invention 1s
incorporated 1n a variable displacement compressor M used
in an air conditioning system ol an automobile or the like
and variably controls a pressure of a working fluid (herein-
alter, simply referred to as a “fluid”) which i1s a refrigerant
so that a discharge amount of the variable displacement
compressor M 1s controlled to adjust the air conditioning
system to a desired cooling capacity.

First, the vaniable displacement compressor M will be
described. As 1llustrated 1n FI1G. 1, the variable displacement
compressor M includes a casing 1 having a discharge
chamber 2, a suction chamber 3, a control chamber 4, and a
plurality of cylinders 4a. In addition, the variable displace-
ment compressor M 1s provided with a communication path
(not 1llustrated) allowing the control chamber 4 and the
suction chamber 3 to directly communicate with each other
and this communication path 1s provided with a fixed orifice
for adjusting a pressure between the suction chamber 3 and
the control chamber 4 1n a balanced state.

Further, the vaniable displacement compressor M includes
a rotating shait 5 which 1s rotationally driven by an engine
(not illustrated) installed outside the casing 1, a swash plate
6 which 1s eccentrically connected to the rotating shaft 5
inside the control chamber 4 by a hinge mechanism 8, and
a plurality of pistons 7 which are connected to the swash
plate 6 and are fitted so as to be movable 1n a reciprocating
manner 1nside the respective cylinders 4a and continuously
changes an inclination angle of the swash plate 6 by appro-
priately controlling a pressure inside the control chamber 4,
by using the capacity control valve V driven to be opened
and closed by an electromagnetic force, while using a
suction pressure Ps of the suction chamber 3 sucking a fluid,
a discharge pressure Pd of the discharge chamber 2 dis-
charging a fluid pressurized by the piston 7, and a control
pressure Pc of the control chamber 4 accommodating the
swash plate 6 so that a stroke amount of the piston 7 1s
changed to control a discharge amount of the flmd. Further,
for convenmence of description, the capacity control valve V
incorporated in the variable displacement compressor M 1s

omitted in FIG. 1.
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Specifically, the inclination angle of the swash plate 6
with respect to the rotating shatt 5 becomes smaller so that
the stroke amount of the piston 7 decreases as the control
pressure Pc inside the control chamber 4 becomes higher.
However, when the pressure becomes a certain level or
more, the swash plate 6 1s substantially perpendicular to the
rotating shait 5, that 1s, slightly inclined from the vertical
state. At this time, since the stroke amount of the piston 7 1s
mimmized and the pressurization of the fluid inside the
cylinder 4a by the piston 7 1s minimized, the discharge
amount of the fluid to the discharge chamber 2 decreases and
the cooling capacity of the air conditioning system 1s mini-
mized. On the other hand, the inclination angle of the swash
plate 6 with respect to the rotating shaft 5 becomes larger so
that the stroke amount of the piston 7 increases as the control
pressure Pc inside the control chamber 4 becomes lower.
However, when the pressure becomes a certain level or less,
the inclination angle of the swash plate 6 with respect to the
rotating shait 5§ 1s maximized. At this time, since the stroke
amount of the piston 7 1s maximized and the pressurization
of the fluud iside the cylinder 4a by the piston 7 1is
maximized, the discharge amount of the fluid to the dis-

charge chamber 2 increases and the cooling capacity of the
air conditioning system 1s maximized.

As 1llustrated mn FIG. 2, the capacity control valve V
incorporated 1n the vanable displacement compressor M
variably controls the control pressure Pc in the control
chamber 4 by controlling the fluid tlowing into the control
chamber 4 or flowing out from the control chamber 4 1n such
a manner that a current flowing through a coil 86 constitut-
ing a solenoid 80 1s adjusted to control the opening and
closing of a primary valve 50, a sub-valve 55, and a CS valve
56 of the capacity control valve V and a pressure-sensitive
body 61 i1s operated by the suction pressure Ps of an
intermediate communication path 57 corresponding to a
hollow communication path to control the opening and
closing of a pressure-sensitive valve 33 corresponding to a
pressure drive valve.

In the embodiment, the primary valve 50 includes a
primary valve body 51 and a primary valve seat 10q formed
on an inner peripheral surface of a valve housing 10 and the
primary valve 50 1s opened and closed when a left axial end
51a of the primary valve body 51 1s brought into contact
with and separated from the primary valve seat 10a. The
pressure-sensitive valve 53 includes a cap 70 constituting
the pressure-sensitive body 61 and a pressure-sensitive valve
seat 52a formed 1n a left axial end of a pressure-sensitive
valve member 52 corresponding to a rod and the pressure-
sensitive valve 33 1s opened and closed when a seal surface
70a formed on the outer radial side of the right axial end of
the cap 70 1s brought into contact with and separated from
the pressure-sensitive valve seat 52a. The sub-valve 35
includes a sub-valve body 54 corresponding to a rod and a
sub-valve seat 82a formed on the opening end surface of the
fixed 1ron core 82, that 1s, the left axial end surface and the
sub-valve 535 1s opened and closed when a right axial end
54a of the sub-valve body 54 1s brought into contact with
and separated from the sub-valve seat 82a. The CS valve 56
has a spool valve structure and includes an annular convex
portion 34¢ formed on the outer peripheral surface of the
sub-valve body 34 and a CS valve seat 10¢ formed on an
inner peripheral surface of an annular protrusion extending
to the mner radial side of the valve housing 10 and the CS
valve 56 1s opened and closed when the annular convex
portion 54¢ of the sub-valve body 34 1s brought 1nto contact
with and separated from the CS valve seat 10c.
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Next, the structure of the capacity control valve V will be
described. As 1llustrated 1n FIG. 2, the capacity control valve
V mainly 1ncludes the valve housing 10 which 1s formed of
a metal material or a resin material, the primary valve body
51, the pressure-sensitive valve member 52, and the sub-
valve body 54 which are disposed 1n the valve housing 10 so
as to be movable 1n a reciprocating manner 1 the axial
direction, the pressure-sensitive body 61 which applies an
urging force to the pressure-sensitive valve member 52 and
the sub-valve body 54 rightward in the axial direction in
response to the suction pressure Ps of the intermediate
communication path 57, and the solenoid 80 which 1s
connected to the valve housing 10 and applies a drive force
to the primary valve body 51, the pressure-sensitive valve
member 52, and the sub-valve body 54.

As 1llustrated 1n FIG. 2, the solenoid 80 mainly includes
a casing 81 which includes an opening portion 81a opening
to the left side 1n the axial direction, a substantially cylin-
drical fixed iron core 82 which 1s inserted 1nto the opening
portion 81a of the casing 81 from the left side 1n the axial
direction and 1s fixed to the mnner radial side of the casing 81,
a drive rod 83 which 1s disposed on the 1mnner radial side of
the fixed 1ron core 82 so as to be movable 1n a reciprocating
manner in the axial direction so that the left axial end portion
1s connected and fixed to the sub-valve body 54, a movable
iron core 84 which 1s fixed to the right axial end portion of
the drive rod 83, a coil spring 85 which 1s provided between
the fixed 1ron core 82 and the movable 1ron core 84 and urges
the movable 1ron core 84 rightward 1n the axial direction,
and an excitation coil 86 which 1s wound on the outside of
the fixed 1ron core 82 with a bobbin interposed therebe-
tween.

The casing 81 i1s provided with a concave portion 815 of
which an i1nner radial side of a left axial end 1s recessed
rightward in the axial direction and a right axial end portion
of the valve housing 10 is 1nserted and fixed to the concave
portion 815 1n a substantially sealed state.

The fixed 1ron core 82 1s formed of a rigid body corre-
sponding to a magnetic material such as iron or silicon steel
and includes a cylindrical portion 826 which i1s provided
with an msertion hole 82¢ extending in the axial direction so
that the drive rod 83 1s 1nserted therethrough and an annular
flange portion 824 which extends outward in the radial
direction from the outer peripheral surface of the left axial
end portion of the cylindrical portion 825 and a sub-valve
seat 82a 1s formed on a left axial end surface of the
cylindrical portion 825.

As 1llustrated in FIG. 2, the valve housing 10 1s provided
with a Pd port 12 which corresponds to a discharge port
communicating with the discharge chamber 2 of the variable
displacement compressor M, a first Pc port 13 which cor-
responds to a control port and a first control port commu-
nicating with the control chamber 4 of the variable displace-
ment compressor M, a second Pc port 14 which corresponds
to a control port and a second control port communicating
with the control chamber 4 of the variable displacement
compressor M and 1s adjacent to the right side of the Pd port
12 1n the axial direction, and a Ps port 15 which corresponds
to a suction port communicating with the suction chamber 3
of the variable displacement compressor M.

Further, the valve housing 10 1s formed 1n a bottomed
cylindrical shape by press-inserting a partition adjustment
member 11 1nto the left axial end portion 1n a substantially
sealed state. Additionally, the partition adjustment member
11 can adjust the urging force of the pressure-sensitive body
61 by adjusting the installation position of the valve housing
10 1n the axial direction.
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The primary valve body 51, the pressure-sensitive valve
member 32, and the sub-valve body 34 are disposed 1n the
valve housing 10 so as to be movable 1n a reciprocating
manner 1n the axial direction and a part of the inner
peripheral surface of the valve housing 10 is provided with >
a small-diameter guide surface 1056 on which the outer
peripheral surface of the primary valve body 51 1s slidable
in a substantially sealed state and a small-diameter CS valve
seat 10c with and from which the annular convex portion
54¢ of the sub-valve body 54 i1s brought into contact and
separated.

Further, a first valve chamber 20 which communicates
with the Pd port 12 and in which the side of the left axial end
51a of the primary valve body 51 1s disposed, a second valve
chamber 30 which communicates with the second Pc port 14

and the side of a right axial end 51f of the primary valve
body 51 and the side of a left axial end 34g of the sub-valve
body 54 are disposed, a pressure-sensitive chamber 60
which communicates with the first Pc port 13 and 1n which 2¢
the side of the pressure-sensitive valve seat 52a of the
pressure-sensitive valve member 32, that 1s, the leit side in
the axial direction 1s disposed, and a third valve chamber 40
which communicates with the Ps port 15 and in which the
side of the right axial end 54a of the sub-valve body 34 1s 25
disposed are formed 1nside the valve housing 10. Addition-
ally, the second valve chamber 30 1s defined by the outer
peripheral surfaces of the primary valve body 51 and the
sub-valve body 54 and the inner peripheral surface on the
right side of the guide surface 106 of the valve housing 10 30
in the axial direction or on the left side of the CS valve seat
10c¢ 1n the axial direction. Further, the third valve chamber
40 1s defined by the outer peripheral surface of the sub-valve
body 54, the left axial end surface of the fixed 1ron core 82,
and the iner peripheral surface on the right side of the CS 35
valve seat 10c¢ of the valve housing 10 in the axial direction.

As 1llustrated 1n FIG. 2, the pressure-sensitive body 61
mainly 1ncludes a bellows core 62 which has a coil spring 63
embedded therein and the disk-shaped cap 70 which 1s
provided 1n the right axial end of the bellows core 62 and the 40
left axial end of the bellows core 62 1s fixed to the partition
adjustment member 11.

Further, the pressure-sensitive body 61 1s disposed in the
pressure-sensitive chamber 60 and the seal surface 70a of
the cap 70 sits on the pressure-sensitive valve seat 52a of the 45
pressure-sensitive valve member 52 by an urging force of
moving the cap 70 nghtward 1n the axial direction by the coil
spring 63 and the bellows core 62. Further, the cap 70 1s
configured to apply a force of moving the cap 70 leftward 1n
the axial direction 1n response to the suction pressure Ps ol 50
the intermediate communication path 57.

As 1llustrated 1n FIG. 3, the primary valve body 51 1s
formed 1n a stepped cylindrical shape including an attach-
ment portion 515 to which a left axial end portion of a coil
spring 91 corresponding to an urging member 1s externally 55
fitted, an annular surface 51¢ which extends outward 1in the
radial direction from the left axial end of the attachment
portion 515, and a cylindrical portion 5314 which extends
from the outer radial side of the annular surface 51¢ leftward
in the axial direction, has a diameter larger than that of the 60
attachment portion 315, and 1s provided with the left axial
end 51a brought into contact with and separated from the
primary valve seat 10a of the valve housing 10. Addition-
ally, the outer peripheral surface of the cylindrical portion
51d and the gmide surface 105 of the valve housing 10 are 65
slightly separated from each other 1in the radial direction so
that a minute gap 1s formed and the primary valve body 51
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slides on the valve housing 10 so as to be smoothly and
relatively movable 1n the axial direction.

Further, the 1nside of the primary valve body 51 i1s formed
in a stepped cylindrical shape 1n which the dimension of the
inner diameter on the side of the cylindrical portion 514, that
1s, the left side 1n the axial direction 1s larger than that of the
side of the attachment portion 3515, that 1s, the right side 1n
the axial direction and an annular surface 51e which extends
outward 1n the radial direction from the left axial end of the
inner peripheral surface of the attachment portion 515 and
extends continuously 1n a perpendicular direction 1s formed
on the substantially right side of the annular surface S1¢ of
the attachment portion 515 1n the axial direction. That is, the
attachment portion 315 1s provided with a hook-shaped
locking portion 51g which protrudes inward in the radial
direction on the right side 1n the axial direction.

As 1illustrated mm FIG. 3, the pressure-sensitive valve
member 52 1s formed 1n a substantially cylindrical shape and
a substantially turret shape in the side view including a
cylindrical portion 525 to which the primary valve body 51
1s externally fitted and a contact portion 32¢ which 1s formed
on the left side of the cylindrical portion 526 1n the axial
direction so as to have a diameter larger than that of the
cylindrical portion 526 and i1s provided with the pressure-
sensitive valve seat 52a to and from which the seal surface
70a of the cap 70 constituting the pressure-sensitive body 61
1s brought 1nto contact and separated.

Further, an 1nsertion portion 524 which 1s slightly smaller
than the cylindrical portion 525 1s formed in the right axial
end portion of the cylindrical portion 526 of the pressure-
sensitive valve member 52, so that an annular surface 52e
which extends outward 1n the radial direction from the left
axial end of the mnsertion portion 524 1s formed. Addition-
ally, the inner peripheral surface of the locking portion 51g
of the primary valve body 51 and the outer peripheral
surface of the insertion portion 324 of the pressure-sensitive
valve member 52 are slightly separated from each other in
the radial direction so that a minute gap 1s formed and the
primary valve body 351 and the pressure-sensitive valve
member 52 are smoothly and relatively movable 1n the axial
direction 1n a shiding manner.

As 1illustrated 1n FIG. 3, the sub-valve body 54 1s formed
in a substantially cylindrical shape with a flange including a
cylindrical portion 545 which 1s provided with the right axial
end 54a, an annular convex portion 54¢ which 1s formed on
the left side of the cylindrical portion 546 1n the axial
direction so as to protrude outward in the radial direction,
and an attachment portion 544 which 1s formed on the left
side of the annular convex portion 34¢ 1n the axial direction
so that the right axial end portion of the coil spring 91 1s
externally fitted thereto and the diameter 1s smaller than that
of the cylindrical portion 545. Additionally, the outer diam-
cter of the attachment portion 544 of the sub-valve body 54
1s substantially the same as the outer diameter of the
attachment portion 515 of the primary valve body 51.

Further, the attachment portion 344 of the sub-valve body
54 1s provided with a concave portion 54e of which the inner
radial side of the left axial end 1s recessed rightward in the
axial direction and the msertion portion 524 of the pressure-
sensitive valve member 52 1s inserted and fitted from the left
side 1n the axial direction so that the pressure-sensitive valve
member 52 and the sub-valve body 54 are integrally con-
nected and fixed to each other. Additionally, the drive rod 83
1s connected and fixed to the right axial end portion of the
sub-valve body 54 so that the pressure-sensitive valve
member 52, the sub-valve body 54, and the drive rod 83 are
integrally moved 1n the axial direction. Further, the inter-
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mediate communication path 57 which penetrates in the
axial direction by connecting the hollow holes to each other
1s formed 1nside the pressure-sensitive valve member 52 and
the sub-valve body 54. Additionally, the intermediate com-
munication path 57 can commumcate with the third valve
chamber 40 through a communication hole 83a formed 1n
the left axial end portion of the drive rod 83. In addition, for
convenience of description, although not illustrated 1n the
drawings, there 1s a case in which a high-pressure fluid 1s
liquefied 1n the control chamber 4 when the variable dis-
placement compressor M 1s stopped and 1s left for a long
time. However, when the variable displacement compressor
M 1s started and the capacity control valve V 1s energized,
the primary valve 50 1s closed and the sub-valve 35 1s
opened so that the pressure-sensitive body 61 1s contracted
and the pressure-sensitive valve 53 1s opened due to the high
suction pressure Ps 1n the intermediate communication path
57. Accordingly, the liqud refrigerant of the control cham-
ber 4 can be discharged to the suction chamber 3 1n a short
time through the intermediate communication path 57.

Further, the annular convex portion 54¢ of the sub-valve
body 54 moves 1n a reciprocating manner in the axial
direction and changes the overlapping amount with the CS
valve seat 10c formed on the inner peripheral surface of the
valve housing 10 when viewed from the radial direction,
thereby constituting the CS valve 56 that opens and closes
a communication between the control fluid having passed
through the second Pc port 14 and the suction flmd having
passed through the Ps port 15. The CS valve 56 1s closed at
a position where the annular convex portion 34¢ and the CS
valve seat 10¢ overlap each other when viewed from the
radial direction (see FIGS. 2 to 5). Additionally, the control
fluid slightly leaks toward the suction fluid 1n the closed state
of the CS valve 56.

As 1llustrated in FI1G. 3, the left axial end of the coil spring
91 contacts the annular surface 51c¢ of the primary valve
body 51 and the right axial end of the coil spring 91 contacts
a side surface 34f corresponding to a spring receiving
portion on the left side of the annular convex portion 54¢ of
the sub-valve body 354 in the axial direction. That 1s, the
primary valve body 51 1s urged 1n an axial direction opposite
to the pressure-sensitive valve member 52 and the sub-valve
body 54 by the coil spring 91. Additionally, the coi1l spring
91 1s a compression spring and the outer periphery thereof
1s separated from the inner peripheral surface of the valve
housing 10 1n the radial direction.

Further, an annular groove 38 1s formed by integrally
connecting and {ixing the sub-valve body 54 to the 1nsertion
portion 524 of the pressure-sensitive valve member 52 while
the primary valve body 51 1s externally fitted to the cylin-
drical portion 526 and the insertion portion 524 of the
pressure-sensitive valve member 52. The groove 58 1s
formed by the outer peripheral surface of the insertion
portion 52d of the pressure-sensitive valve member 52, the
annular surface 52e of the pressure-sensitive valve member
52, and the left axial end 54¢g corresponding to the contact
portion of the sub-valve body 54 and the groove 58 regulates
the axial position of the primary valve body 51 with respect
to the pressure-sensitive valve member 52 and the sub-valve
body 54. Accordingly, the primary valve 50 can be opened
in the non-energized state, the primary valve 50 can be
closed 1n the energized state, and the opeming degree of the
CS valve 56 can be adjusted.

Specifically, 1n the energized state, the left axial end 51a
of the primary valve body 51 is brought into contact with the
primary valve seat 10a so as to close the primary valve 30
and the annular convex portion 54¢ of the sub-valve body 54
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opens the CS valve 56 (see FIGS. 6 and 7). In this state,
when the left axial end 54g of the sub-valve body 54
constituting the groove 38 1s brought 1into contact with the
right axial end 51/ corresponding to the contact portion of
the primary valve body 351, 1t 1s possible to determine the
axial positions of the pressure-sensitive valve member 52
and the sub-valve body 34 with respect to the primary valve
body 51 when the CS valve 56 1s opened by the annular
convex portion 54¢. That 1s, the opening degree of the CS
valve 56 can be adjusted and the maximum opening degree
can be determined.

Further, a diflerence between an axial dimension L58 of
the groove 58 and an axial dimension LL51¢g of the locking
portion 51g of the primary valve body 51 i1s an axial
separation dimension A corresponding to an axial dimension
ol a gap between the right axial end 511 of the primary valve
body 51 and the left axial end 54¢ of the sub-valve body 54
(1.e., L38-1.51g=A, see FIG. 3). That 1s, the primary valve
body 51, the pressure-sensitive valve member 352, and the
sub-valve body 54 move together leftward in the axial
direction so that the primary valve 50 1s closed and then the
pressure-sensitive valve member 52 and the sub-valve body
54 are movable 1n the axial direction by the separation
dimension A with respect to the primary valve body 31 (see
FIGS. 6 and 7).

Next, the operation of the capacity control valve V and the
operation of the opening and closing mechanism of the CS
valve 36 1n accordance with the axial movement of the
primary valve body 51, the pressure-sensitive valve member
52, and the sub-valve body 54 will be described 1n order of
the control 1n the normal control state, the startup state, and
the maximum energized state.

First, the normal control state of the capacity control valve
V will be described. The capacity control valve V controls
the tlow rate of the discharge fluid from the Pd port 12 to the
first Pc port 13 by adjusting the opeming degree or the
opening time of the primary valve 50 during normal control,
that 1s, duty control. At this time, the right side of the annular
convex portion 54¢ of the sub-valve body 54 1n the axial
direction overlaps the left side of the CS valve seat 10c¢ of
the valve housing 10 1n the axial direction when viewed
from the radial direction and the communication between
the control fluid having passed through the second Pc port 14
and the suction fluid having passed through the Ps port 15 1s
closed by the CS valve 56. In this way, when the CS valve
56 1s closed 1n the normal control state, the flow rate of the
flow path connecting the second Pc port 14 and the Ps port
15 1s decreased and the control fluid having passed through
the second Pc port 14 is prevented from flowing to the Ps
port 15. Accordingly, the controllability of the control pres-
sure¢ Pc of the control chamber 4 1s excellent and the
operation etliciency of the variable displacement compres-
sor M can be improved (see FIGS. 4 and 3). In other words,
the opeming and closing of the primary valve 50 can be
controlled while the CS valve 56 1s closed.

Next, the control 1n the startup state and the maximum
energized state will be described. After the variable displace-
ment compressor M 1s left for a long time 1n a non-use state,
the discharge pressure Pd, the control pressure Pc, and the
suction pressure Ps are substantially balanced. As illustrated
in FIGS. 2 and 3, when the pressure-sensitive valve member
52 and the sub-valve body 54 are pressed rnightward 1n the
axial direction by the urging force of the coil spring 63
constituting the pressure-sensitive body 61 in the non-
energized state of the capacity control valve V, the right axial
end 54q of the sub-valve body 54 sits on the sub-valve seat
82a of the fixed 1ron core 82 so that the sub-valve 35 1is
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closed and the left axial end 51a of the primary valve body
51 1s separated from the primary valve seat 10a formed on
the 1nner peripheral surface of the valve housing 10 so that
the primary valve 50 1s opened. At this time, the annular
convex portion 54¢ of the sub-valve body 54 overlaps the CS
valve seat 10c¢ of the valve housing 10 when viewed from the
radial direction and the communication between the control
fluid having passed through the second Pc port 14 and the
suction fluid having passed through the Ps port 15 1s closed
by the CS valve 56.

When the capacity control valve V 1s energized when
starting the variable displacement compressor M, the pri-
mary valve 50 1s closed and the sub-valve 55 1s opened.
Further, when the capacity control valve V 1s set to the
energized state of the maximum duty, that 1s, the maximum
energized state at the startup, as illustrated 1n FIGS. 6 and 7,
the pressure-sensitive valve member 52 and the sub-valve
body 54 are further moved leftward 1n the axial direction by
the separation dimension A (see FIG. 5) with respect to the
primary valve body 51. For this reason, the CS valve 56 1s
opened so that a flow path for discharging a fluid from the
second Pc port 14 to the Ps port 15 1s formed and the
liquetied fluid of the control chamber 4 1s discharged 1n a
short time. As a result, the responsiveness at the startup can
be 1mproved.

Further, when the variable displacement compressor M 1s
driven with the maximum capacity, the capacity control
valve V 1s set to the energized state of the maximum duty,
that 1s, the maximum energized state similarly to the startup
state. Accordingly, since the primary valve 50 is closed and
the CS valve 56 1s opened so that the second Pc port 14 can
communicate with the Ps port 15, the control pressure Pc
and the suction pressure Ps can be easily maintained at the
equal pressure (the same pressure) state by sufliciently
decreasing the control pressure Pc. For that reason, since the
maximum capacity state 1s maintained by stabilizing the
stroke of the piston 7 in the cylinder 4a of the control
chamber 4, the operation efliciency can be improved.

Further, since the annular surface 51e of the locking
portion 51¢g 1s locked to the annular surface 52e of the
pressure-sensitive valve member 52 in the primary valve
body 51, the primary valve body 51 can be accurately
positioned with respect to the pressure-sensitive valve mem-
ber 52 and the sub-valve body 54 in the axial direction.
Further, the attachment accuracy of the primary valve body
51 with respect to the pressure-sensitive valve member 52
can be improved.

Further, since the CS valve 56 1s formed 1n a spool valve
structure by the annular convex portion 54¢ of the sub-valve
body 54 and the CS valve seat 10¢ formed on the inner
peripheral surface of the valve housing 10, the CS valve 56
1s closed when the pressure-sensitive valve member 52 and
the sub-valve body 54 stroke by a predetermined amount or
more 1n the axial direction and hence the CS valve 56 can be
reliably closed. Further, since the CS valve 56 1s maintained
in the closed state even when the pressure-sensitive valve
member 52 and the sub-valve body 54 are slightly moved in
the axial direction due to disturbances such as vibration, for
example, during normal control, the capacity control valve
V 1s strong against disturbance and has excellent control
accuracy.

Further, since the inner peripheral surface of the locking
portion 51¢g slides on the outer peripheral surface of the
insertion portion 524 of the pressure-sensitive valve member
52 and the outer peripheral surface of the cylindrical portion
51d slides on the guide surface 106 of the valve housing 10
in the primary valve body 51, the relative movement of the
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primary valve body 51 with respect to the pressure-sensitive
valve member 52 and the sub-valve body 54 1n the axial
direction can be stabilized.

Further, since the sub-valve body 54 1s provided with the
side surface 34f which 1s on the left side of the annular
convex portion 34¢ 1n the axial direction and 1s brought into
contact with the right axial end of the coil spring 91, the
primary valve body 51, the pressure-sensitive valve member
52, and the sub-valve body 54 can have a simple slide
structure.

Further, since the primary valve body 51, the pressure-
sensitive valve member 52, and the sub-valve body 54 are
separate members and the relative movement of the primary
valve body 31 with respect to the pressure-sensitive valve
member 52 and the sub-valve body 54 1n the axial direction
1s regulated by the left axial end 54¢ of the sub-valve body
54, the primary valve body 51, the pressure-sensitive valve
member 52, and the sub-valve body 54 can have a simple
slide structure.

Further, since the valve housing 10 1s provided with the
first Pc port 13 disposed 1n the pressure-sensitive chamber
60 so as to correspond to the pressure-sensitive valve 53 and
the second Pc port 14 disposed 1n the second valve chamber
30 so as to correspond to the CS valve 56, it 1s not necessary
to form a flow path for circulating the control fluid inside the
valve housing 10 and the structure can be simplified.

Further, when the suction pressure Ps becomes a high
pressure due to abnormality or the like, the sub-valve body
54 15 pressed leftward by the suction pressure Ps to open the
CS valve 56. Accordingly, the high-pressure suction pres-
sure can be released from the second Pc port 14.

Further, an example 1n which the CS valve 56 includes the
annular convex portion 54¢ of the sub-valve body 54 and the
CS valve seat 10c¢ of the inner peripheral surface of the
annular protrusion of the wvalve housing 10 has been
described. However, as illustrated in FIG. 8, the inner
peripheral surface of the valve housing 10 may not be
provided with the protrusion and the inner peripheral surface
may be disposed so that an annular convex portion 154¢ of
the sub-valve body 54 partially overlaps the second Pc port
14 as the CS valve seat 110¢ when viewed from the radial
direction. In this way, the valve housing 10 1s simply
manufactured and there 1s no possibility that the sub-valve
body 54 1s tilted due to a tilt load or the like so that the
annular convex portion 154¢ of the sub-valve body 54
engages with the annular protrusion of the valve housing 10.

Although the embodiments of the present invention have
been described above with reference to the drawings, a
detailed configuration i1s not limited to these embodiments
and modifications or additions 1n the scope not departing
from the spirit of the present invention are also included 1n
the present mvention.

For example, in the above-described embodiment, an
example 1n which the flow path from the second Pc port 14
to the Ps port 15 1s narrowed by closing the CS valve 56 has

been described, but the invention 1s not limited thereto. That
1s, the diameter dimensions of the annular convex portion
54¢ of the sub-valve body 54 and the CS valve seat 10¢ of
the valve housing 10 may be set so as to substantially
interrupt the flow path from the second Pc port 14 to the Ps
port 15 by closing the CS valve 56.

Further, an example 1n which the pressure-sensitive valve
member 52 and the sub-valve body 54 are formed as
separate members has been described, but both members
may be itegrated with each other.
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Further, a fixed orifice and a communication path directly
communicating the control chamber 4 of the variable dis-

placement compressor M with the suction chamber 3 may
not be provided.

Further, in the above-described embodiment, the sub-
valve may not be provided and the right axial end of the
sub-valve body does not need to have a sealing function
when the right axial end functions as a support member that
receives an axial load.

Further, the coil spring 91 1s not limited to a compression
spring, but may be a tension spring or may have a shape
other than a coil shape.

Further, an example 1n which the CS valve 56 includes the
valve housing 10 and the sub-valve body 54 has been
described, but a separate member may be attached to the
valve housing 10 or the sub-valve body 34.

Further, the pressure-sensitive body 61 may not use a coil
spring therein.

REFERENCE SIGNS LIST

L1
FT]

1 Casing

2 Discharge chamber

3 Suction chamber

4 Control chamber

10 Valve housing

10a Primary valve seat

106 Guide surface

10¢ CS valve seat

11 Partition adjustment member

12 Pd port (discharge port)

13 First Pc port (control port, first control port)

14 Second Pc port (control port, second control port)

15 Ps port (suction port)

20 First valve chamber

30 Second valve chamber

40 Third valve chamber

50 Primary valve

51 Primary valve body

51a Lett axial end

516 Attachment portion

51c¢ Annular surface

51d Cylindrical portion

51e Annular surface

51/ Right axial end (contact portion)

51¢ Locking portion

52 Pressure-sensitive valve member (rod)

52a Pressure-sensitive valve seat

526 Cylindrical portion

52¢ Contact portion

52d Insertion portion

52¢ Annular surface

53 Pressure-sensitive valve (pressure drive valve)

54 Sub-valve body (rod)

54a Right axial end

545 Cylindrical portion

54¢ Annular convex portion

544 Attachment portion

54¢ Concave portion

54/ Side surface (spring receiving portion)

54¢ Letft axial end (contact portion)

55 Sub-valve

56 CS valve

57 Intermediate communication path (hollow communi-
cation path)

38 Groove

60 Pressure-sensitive chamber
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61 Pressure-sensitive body
62 Bellows core

63 Coil spring

70 Cap

70a Seal surface

80 Solenoid

82 Fixed 1ron core

82a Sub-valve seat

83 Drive rod

91 Coil spring (urging member)
Pc Control pressure

Pd Discharge pressure

Ps Suction pressure

V Capacity control valve

The mnvention claimed 1s:

1. A capacity control valve comprising:

a valve housing provided with a discharge port allowing
a discharge fluid of a discharge pressure to pass there-
through, a suction port allowing a suction fluid of a
suction pressure to pass therethrough, and a control
port allowing a control flmd of a control pressure to
pass therethrough, a drive rod driven by a solenoid, and
a primary valve including a primary valve seat and a
primary valve body;

the primary valve body opening and closing a communi-
cation between the discharge port and the control port
by the movement of the drive rod, the capacity control
valve further comprising:

a CS valve includes a sub-valve body connected to and
driven by the drive rod, where the sub-valve body and
opens and closes a communication between the control
port and the suction port; and

an urging member configured to urge the primary valve
body and the drive rod 1n opposite directions,

wherein the sub-valve body 1s disposed between the
primary valve body and the drive rod such that the
primary valve body 1s driven by the drive rod via the
sub-valve body, and

wherein the primary valve body and the drive rod are
disposed so as to be relatively movable 1n an axial
direction, and the sub-valve body 1s provided with a
spring receiving portion with which one end of the
urging member 1s brought into contact.

2. The capacity control valve according to claim 1,

wherein an outer periphery of the primary valve body
slides on the valve housing.

3. The capacity control valve according to claim 1, further

comprising;

a pressure drive valve which 1s opened and closed by the
suction pressure,

wherein the sub-valve body and a valve member of the
pressure drive valve are each provided with a hollow
communication path capable of causing the control port
to communicate with the suction port by opening and
closing the pressure drive valve.

4. The capacity control valve according to claim 1,

wherein the control port includes a first control port and
a second control port, and

wherein the suction port, the second control port, the
discharge port, and the first control port are sequentially
disposed from a side of the solenoid.

5. The capacity control valve according to claim 1,

wherein the primary valve body 1s provided with a
locking portion configured to lock a relative movement
of the drive rod with respect to the primary valve body
in the axial direction.
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6. The capacity control valve according to claim 5, 13. The capacity control valve according to claim 11,
wherein the CS valve 1s a spool valve structure.

7. The capacity control valve according to claim 3,
wherein each of the primary valve body and the sub-valve
body are provided with a contact portion which contacts in 4

wherein an outer periphery of the primary valve body
slides on the valve housing.

14. The capacity control valve according to claim 11,

the axial direction. further comprising:
8. The capacity control valve according to claim 5, a pressure drive valve which 1s opened and closed by the
wherein an outer periphery of the primary valve body suction pressure,

slides on the valve housing.

9. The capacity control valve according to claim 3, further

comprising;

a pressure drive valve which 1s opened and closed by the
suction pressure, wherein the sub-valve body and a
valve member of the pressure drive valve are each
provided with a hollow communication path capable of 15. The capacity control valve according to claim 11,
causing the control port to communicate with the 1°
suction port by opening and closing the pressure drive
valve.

10. The capacity control valve according to claim 5,

wherein the sub-valve body and a valve member of the
10 pressure drive valve are each provided with a hollow
communication path capable of causing the control port
to communicate with the suction port by opening and
closing the pressure drive valve.

wherein the control port includes a first control port and
a second control port, and

wherein the suction port, the second control port, the

wherein the control port includes a first control port and discharge port, and the first control port are sequentially
a second control port, and 20 disposed from a side of the solenoid.

wherein the suction port, the second control port, the 16. The capacity control valve according to claim 1,
discharge port, and the first control port are sequentially wherein each of the primary valve body and the sub-valve
disposed from a side of the solenoid. body are provided with a contact portion which contacts in

11. The capacity control valve according to claim 1, the axial direction.

wherein the CS valve 1s a spool valve structure. 2> 17. The capacity control valve according to claim 186,

12. The capacity control valve according to claim 11,
wherein each of the primary valve body and the sub-valve
body are provided with a contact portion which contacts in
the axial direction. S B

wherein an outer periphery of the primary valve body
slides on the valve housing.
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